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LOW PROFILE DILATATION CATHETER 

RELATRT) A PPLTHATTOMg 

This application is a continuation-in-part application of 
copending application Serial No. 07/700,617 filed May 15, 1991, entitled 
LOW PROFILE DILATATION CATHETER. 

BACKOPOTTMn op ^ TNW.wrrnM 

This invention generally relates to intravascular catheters, 
such as balloon dilatation catheters used in percutaneous transluminal' 
coronary angioplasty (PTCA). 

In classic PTCA procedures, a guiding catheter having a 
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preshaped distal tip is percutaneousty introduced into the cardiovascular 
system of a patient and advanced therein until the preshaped distal tip of 
the guiding catheter is disposed within the aorta adjacent the ostium of the 
desired coronary artery. The guiding catheter is twisted or torqued from 
the proximal end to turn the distal tip of the guiding catheter so that it can 
be guided into the coronary ostium, A guidewire and a balloon dilatation 
catheter are introduced into and advanced through the guiding catheter to 
the distal tip thereof, with the guidewire slidably disposed within an inner 
lumen of the dilatation catheter. The guidewire is first advanced out the 
distal tip of the guiding catheter, which is seated in the ostium of the 
patient's coronary artery, until the distal end of the guidewire crosses the 
lesion to be dilated. The dilatation catheter is then advanced out of the 
distal tip of the guiding catheter, over the previously advanced guidewire, 
until the balloon on the distal extremity of the dilatation catheter is 
properly positioned across the lesion. Once properly positioned, the balloon 
is inflated to a predetermined size with radiopaque liquid at relatively high 
pressures (e*., generally 4-12 atmospheres) to dilate the stenosed region of 
the diseased artery. The balloon is then deflated so that the dilatation 
catheter can be removed from the dilated stenosis and blood flow will 
20 resume therethrough. 


details of guiding catheters, dilatation catheters, 
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guidewires, and other devices for angioplasty procedures can be found in 

U.S. Patent 4,323.071 (Simpson-Robert,; U.S. Patent 4,439,185 (Lundquist); 

U.S. Patent 4,468,224 (Enzmann e, a/.); U.S. Patent 4,516,972 (Samson); ' 

U.S. Patent 4,438,622 (Samson e, ai.); U.S. Patent 4,554,929 (Samson et 
aZ.);U.S. Patent 4,582,185 (Samson); U.S. Patent 4,616,652 (Simpson); 
U.S. Patent 4,638,805 (Powell); U.S. Patent 4,748,986 (Morrison et aZ.); 
U.S. Patent 4,898,577 (Badger et al); and U.S.Patent 4;827,943 (Taylor et 
al.) which are hereby incorporated herein in their entirety, by reference 
thereto. 

The assignee of the present invention, Advanced 
Cardiovascular Systems, Inc., markets an improved dilatation catheter 
under the trademark ACS RX° which is described and claimed in U.S. 
Patent 5,040,548 (Yock), U.S. Patent 5,061,273 (Yock), and U.S. Patent 
4,748,982 (Horzewski et ail This dilatation catheter has a short guidewire 
receiving sleeve or inner lumen extending through a distal portion of the 
catheter. The sleeve or inner lumen extends proximally a distance of at 
least about 10 cm and usually not more than about 50 cm from a first 
guidewire port in the distal end of the catheter to a second guidewire port 
in the catheter spaced proximally from the inflatable member of the 
catheter. Preferably, a slit is provided in the wall of the catheter body 
which extends distally from the second guidewire port, preferably to a 
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location proximal to the proximal end of the inflatable balloon. The 
structure of the catheter allows for the rapid exchange of the catheter 
. without the need for an exchange wire or adding a guidewire extension to 
the proximal end of the guidewire. The design of this catheter has widely 
praised by the medical profession and has been met with much success in 
the market place because of the advantages of its unique design. 

Another modification, which was introduced into the market 
Place by the assignee of the present application provides a plurality of 
perfusion ports in the wail forming at least part of the catheter body 
proximal to the balloon. These perfusion ports are in fluid communication 
with an inner lumen extending to the distal end of the catheter body. A 
plurality of perfusion ports are preferably provided in the catheter body 
distal to the balloon which are also in fluid communication with the inner 
lumen extending to the distal end of the catheter body. When the balloon on 
the distal extreme of the dilatation catheter is inflated to dilate a stenosis, 
oxygenated blood in the artery or the aorta or both, depending upon the 
location of the dilatation catheter within the coronary anatomy, is forced to 
pass through the proximal perfusion ports, through the inner lumen of the 
catheter body and out the distal, perfusion ports. This provides oxygenated 
blood downstream from the inflated balloon to thereby prevent or minimize 
ischemic conditions in tissue distal to the catheter. As is appreciated by 
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those skilled in the art, tissue distal to a stenosis is frequently already in 
jeopardy due to ischemic conditions which may exist. As a result, care must 
be exercised in sizing the perfusion ports and the inner lumen to ensure 
that there is adequate flow of oxygenated blood to tissue distal to the 
catheter to eliminate or minimize ischemic conditions. 

A major and continual thrust of development work in the field 
of intravascular catheters, particularly angioplasty catheters, has been to 
reduce the profile, i.e. transverse dimensions, of such catheters and to 
improve the flexibility thereof without detrimentally affecting the 
pushability, particularly in the distal portion, of such catheters. A 
reduction in profile with no loss in pushability allows an intravascular 
catheter to be advanced much further into a patient's vasculature and to 
cross much tighter lesions in the case of angioplasty catheters. 

Despite many advances in this field, the need for lower profile 
intravascular catheters having greater flexibility with little or no loss in 
pushability remains. The present invention satisfies this need. 

SUMMAR y OF TFTR TNVENTTOM 


present invention is directed to an intravascular catheter 
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having a low profile, particularly in the distal portion thereof, and having 
improved flexibility. 


The intravascular catheter of the invention generally includes, 
5 at least in the distal portion thereof, an inner tubular member having an 

inner lumen extending therein and an outer tubular member disposed about 
the inner tubular member. A substantial part of the distal portion of the 
outer tubular member is secured or bonded to the inner tubular member 
along a.Iength thereof. Preferably, the secured part is shaped to conform to 
X0 the shape of the outer surface of the inner tubular member. Along this 

length at least about 5% to about 90%, preferably about 30% to about-80%, 
of the peripheral of the outer tubular member secured to the inner tubular 
member. The portion of the outer tubular member which is not secured to 
the inner tubular member along said length forms at least in part a 
longitudinally extending inner lumen. The bond between the inner tubular 
member and the conforming portion of the outer tubular member need not 
be continuous along the length and may be intermittent so long ; 
significant portion of the outer tubular member is secured to the ii 
tubular member. The length of the secured section should not be less than 5 
mm and is preferably about 10 to about 40 cm. While in a presently 
preferred embodiment described herein the secured section of the outer 
tubular member is limited to the distal section of the catheter, the secured 
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as a 
inner 
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section may extend along essentially the entire length of the catheter. 

The distal portion of the catheter is provided with a diagnostic 
or treatment means, such as an inflatable dilatation balloon for angioplasty, 
distal to the secured section. 

By securing a substantial part of the outer tubular member to ' 
the exterior of the inner member along a length thereof to form a fused 
coaxial design in at least the distal portion of the catheter, the profile of the 
catheter body in at least one transverse dimension in that area is reduced 
substantially to thereby provide improved flexibility in at least one 
direction. Moreover, the secured portions of the inner member and the - 
cuter tubular members support one another to provide improvements in the 
pushabiiity of the catheter. Across-sectional shape of the catheter 
wherein the transverse dimension in one direction is substantial larger 
than the transverse dimension in a second direction at right angles to the 
first direction can provide substantial improvements in flexibility, 
trackability and pushabiiity. The maximum dimension of the catheter shaft 
should be at least 15% greater than the minimum dimension, preferably at 
least 25% greater. These advantages can also occur with structures 
different from the fused shaft design described herein, *, extruded tubular 
members with the inflation and guidewire lumens in a stacked 
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configuration where one lumen is disposed above the other lumen in the 
major transverse dimension of the shaft . Maximum cross-sectionai 
dimensions of the small diameter section of the outer tubular member for 
coronary dilatation catheters are on the order of about 0.02 to about 0.06 in 
(0.51 - 1.5 mm). For peripheral arteries this, dimension may be larger. 

With catheter designs of the invention having the capability for 
rapid exchangeability, as described in the previously described Horzewski et 
al patent, there is a tendency for the peel-away slit to open up or expand 
upon the introduction of the inflation fluid at high pressures into the 
inflation lumen defined by the unsecured portion of the outer tubular 
member. To avoid this problem the inflation lumen defined by the 
unsecured part of the distal section is provided with a support tube so that 
there is essentially no expansion of the inflation lumen and therefore there 
15 is little tendency for the -peel-away slit to open up or expand. 


The improvements of the invention are applicable to a wide 
range of intravascular catheters and particularly to essentially all types of 
dilatation catheters with inflatable or expandable members. such as those 
described in the patents incorporated herein by reference. These and other 
advantages of the invention will become more apparent from the following 
detailed description of the invention when taken in conjunction with 
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accompanying exemplary drawings. 

BRIEF nreSnPTPTTrW QF DPAWTNTOLC 

Fig. 1 is an eievational view, partially in section, of a balloon 
dilatation catheter embodying features of the invention. 

Fig. 2 is a transverse cross-sectional view of the catheter shown 
in Fig. 1 taken along the lines 2-2. 


Fig. 3 is a transverse cross-sectional view of the catheter shown 
in Fig. 1 taken along the lines 3-3. 

Fig. 4 is a transverse cross-sectional view of the catheter shown 
in Fig. 1 taken along the lines 4-4. 

Fig. 5 is a transverse cross-sectional view of the catheter shown 
in Fig. 1 taken along the lines 5-5. 

Fig. 6 is an eievational view, partially in section, of another 
dilatation catheter embodying features of the invention. 
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Fig. 7 is a transverse cross-sectional view of the catheter shown 
in Fig. 6 taken along the lines 7-7. 

Fig. 8 is a transverse cross-sectional view of the catheter shown 
5 in Pig. 6 taken along the lines 8-8. 

Fig. 9 is a transverse cross-sectional view of the catheter shown 
in Fig. 6 taken along the lines 9-9. 


D 


Fig. 10 is a transverse cross-sectional view of the catheter 
shown in Fig. 6 taken along the lines 10-10. 

Fig. 11 is an elevational view, partially in section, of another 
dilatation catheter embodying features of the invention. 

Fig. 12 is a transverse cross-seccional view of the catheter 
shown in Fig. 11 taken along the lines 12-12. 

Fig. 13 is a transverse cross-sectional view of the catheter 
shown in Fig. 11 taken along the lines 13-13. 

Fig. 14 is a transverse cross-sectional view of the catheter 
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shown in Fig. n taken along the lines 14-14. 

Fig. 15 is a transverse cross-sectional view of the catheter 
shown in Fig. li taken along the lines 15-15. 

Fig. 16 is an elevational view, partially in section, of a 
modification of the embodiment shown in Figs. 6- 10. 


Fig. 17 is a transverse cross-sectional view of the embodiment 
shown in Fig. l 6 , taken along the lines 17-17. 


Fig. 18 is a transverse cross-sectional view of a modification of 


the embodiment shown in Fig. 1 wherein two inner ^ ^ 
the distal section between the inner and outer tubular members. 

DERAILED PFSHRTPTTON OF m T*nrn^ WN 

Figs. 1-5 schematically illustrate an over-the-wire dilatation 
catheter embodying features of the invention. The catheter includes an 
elongated catheter shaft 10 which has an inner tubular member 11 with a, 
mner lumen 12. an outer tubular member 13 disposed about the inner 
tubular member and defining therebetween an annular inner lumen 14 
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which extends through the proximal portion of the catheter shaft. An 
adapter 15 is secured to the proximal end of the elongated catheter body 10. 
A relative inelastic, inflatable balloon 16 is formed as part of the outer 
tubular member 13 with the distal end of the balloon secured to the distal 
end of the inner tubular member 11. The balloon 16 may be formed from 
the same tubing as the outer tubular member 13 as shown in Fig. 1 or it 
may be made separately and secured to the distal end of a tubular shaft 
which forms part of the outer tubular member. 

The outer tubular member 13 generally has a distal section 17 
which is secured to the exterior of the inner tubular member 11 as best 
shown in Figs, l and 3 along a length 18 to provide smaller transverse 
dimensions in at least one direction. The distal section 17 is secured to the 
exterior of the inner tubular member 11 with a significant portion of the 
peripherv outer member along the length 18, typically about 50% to about 
80%, being secured to the inner member. The unsecured portion 19 of the 
distal section 17 along the length 18 forms an. inflation lumen 20 which is 
in fluid communication with the interior of the balloon 16 and the annular 
lumen 14. 


The use of the dilatation catheter shown in Figs. 1-5 may 

generally follow conventional PTCA r,™ 

uuonai i-iUA. practices with over-the-wire dilatation 


WO 93/20882 PCT/US93703580 


catheter, In the conventional practices a guidewire 21 is baokloaded into 
the inner lumen 12 of the inner tubniar member 11 of the catheter body 10 
and both the guidewire and the catheter are advanced together through a 
hiding catheter toot shown, which has been previously ^ ^ 

Patient's arteriai system, with the distal end of the guiding catheter seated 
Whin the ostium of the desired coronary artery. The guidewire 21 is first 
advanced out the distal end of the guiding catheter into the patient's 
canary anatomy untli it extends beyond the lesion to be dilated, and then 
the dilatation catheter is advanced over the guidewire which is being heid 
in its position, until the balioon 16 on the dilatation catheter is properly 
disposed within the stenotic region so that the lesion is dilated upon the 
inflation of the balloon. After dilatation, the balloon 16 is deflated and the 
catheter and the guidewire 21 are withdrawn from the patient. If further 
treatment or diagnosis is to be conducted, the guidewire 21 can be replaced 
w.th an exchange wire before removing the dilatation catheter so that the 
first catheter can be removed and another advanced into the desirad 
'oeation or an extension wire can be attached to ,he proximal end of the 
guidewire in piece to perform essentialiy the same function. For further 
details see the discussion of exchange wires and extension wires in U S 
Patent 4,827,941 .Taylor e, o/, which has been incorporated herein by 
reference. 
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Figs. 6-10 schematically illustrate another dilatation catheter 
embodying features of the invention which is quite similar in its most distal 
suture to the embodiment show* in Figs. 1-5. In the embodiment shown 
in Figs. 6-10, the catheter shaft 30 includes an outer tubular member 31 
which has a two layered proximal portion 32 with an outer plastic tubular 
Jacket or coating 33 which fits tightly, e.g. is shrunk fit, onto a tubular 
element 34 which may be formed of hypotubing. The outer tubular member 
31 also includes a distal section 35 which is secured about the inner tubular 
member 36 as in the previous embodiment. The distal section 35 may be the 
proximal skirt of the balloon 38, as shown in the drawing, or it may be a 
separate tubular member. The relatively inelastic balloon 38 is secured by 
its distal end to the distal end of the inner tubular member 36 which 
extends through the interior thereof. A significant portion of the interior 
surface of the distal section 35 along the length 39 is secured to the exterior 
of the inner tubular member 36 in accordance with the requirements- of the 
invention. The inner tubular member 36 of this embodiment is quite short 
compared to the inner tubular of the embodiment shown in Figs. 1-5. The 
unsecured portion of the distal section 35 forms an inflation lumen 40 which 
is in fluid communication with the lumen 41 in the proximal section 32 of 
the outer tubular member 31 and the interior of the balloon 38. 

In the embodiment shown in Figs. 6^10, the catheter body 30 is 
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provded a guidewire port 42 which passes through the secured waits 43 and 
44 Of the i„ Ber tubular member 3e ^ ^ ^ ^ ^ ^ ^ ^ 

tubular member 31 respective* and which is in communication with a 
redely short inner iumen 45 extending within the inner tnhu.er member 
36. Guidewire 46 extends through the inner iumen 45 and out the proximal 
P"" 42 and a dista, guidewire port 47. A coi, 48 is provided on the distal 
end of the guidewire 46. 

The inner tubular element 34 onto which the outer plastic 
tubular eiement 33 is secured is preferabiy hypotubing and may be formed 
of conventional stainiess steel or a NiTi alloy, particularly a NiTi alloy with 
-perelastic parties, such as described in co-pending application Serial 
No 07/629,38!, fiied December is, 1990, entitled SUPERELASTIC 
GUIDING MEMBER and assigned to the present assignee. 

The catheter construction of this embodiment with a relatively 
short inner iumen 45, adapted to slidably receive the guidewire 46 
ehminates the need for using an exchange wire or a guidewire extension A 
P«l-away sli, 49 is preferably provided in the secured waUs 43 attd 44 of 
the inner and outer tubular membem 36 and 31 which extend from the 
eindewire por, 42 to a location, pmximal to the proximal end of the baUoon 
38. The peel-away , Ut 49 facilitates the remove! of the cathetar from the 
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proximal end of the guidewire 46 when the catheter is to be replaced or 
changed for another catheter and it also eliminates the need for using a 
guidewire extension or an exchange wire as described in Hortewski m at, 
which haa been incorporated herein by reference. A dual lumen rype 
5 instruction such as described in Horaewski e, ai may also he used In the 
portion of the catheter proximal to the guidewire port 42. 

There are at least two modes of inserting the dilatation 
catheter of the embodiment shown in Figs. 6 , 10 into the patienfs coronary 
10 anatomy. The first method is for the most part the same as in the prior 
embodiment, namely, the guidewire 46 is preloaded into the short inner 
mmen 45 of the inner tubular member 36 of the catheter body 30 and both 
are advanced through a guiding catheter (not shown) previously disposed 
within the patient's arterial system with the distal end of the guiding 
15 catheter seated within the ostium of a coronary artery. The second made, 
frequent* called the "bare wire" technique, involves first advancing a 
guidewire 46 through and out the guiding catheter until it la positioned 
within the patient's coronary artery across the lesion to be dilated. The 
proximal end of the guidewire 46, which is outside the patient, is 
baekloaded, i.a inserted into the short inner lumen 45 of the inner tubular 
member 36 through the diatal guidewire port 47 and advanced proximally ' 
therein until it exits the proximal guidewire port 42. The proximal end of 
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the guidewire 46 is held in place and the catheter is advanced over the 
guidewire through the patient's vascular system until the dilatation balloon 
38 on the catheter is positioned across the stenotic region so that the 
stenosis can be dilated upon the inflation of the balloon. After the 
dilatation of the lesion, the balloon 38 is deflated and the catheter may be 
removed from the patient's artery. If other treatments are necessary, the 
catheter is slidably removed over the guidewire 46, leaving the guidewire in 
Place so that other catheters can be advanced over the in-place guidewire in 
a similar manner without the need for exchange wires or guidewire 
extensions. 

Figs. 11 through 15 illustrate yet another dilatation catheter 
embodying features of the invention which provides for the perfusion of 
blood distal to the catheter during the dilatation of a stenotic lesion. The 
catheter includes the catheter shaft 50, an inner tubular member 51, with 
an inner lumen 52, an outer tubular member 53 which is disposed about the 
inner tubular member and which defines an annular lumen 54 located 
between the inner and outer tubular members in the proximal portion of 
the catheter shaft, an adapter 55 secured to the proximal ends of the inner 
and outer members, and a relatively inelastic balloon 56 which is secured 
by its distal end to the distal end of the inner tubular member 51. The 
outer tubular member 53 has a distal section 57, a length of 58 of which is 
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secured to the exterior of the inner tubular member 51, as previously 
described in the first two embodiments of the invention; The above- 
. described portion of this embodiment has essentially the same structure as 
the embodiments shown in Figs. 1-10.. The distal section may be formed 
from the proximal skirt of the balloon 56 or may be formed from a separate 
tubular element with the proximal end of the balloon being secured to the 
distal end of the separate tubular element. 

The dilatation catheter shown in Figs. 11-15 differs from the 
other embodiments in that it has a plurality of perfusion ports 59 proximal 
to the balloon 56 which pass through the bonded, walls 60 and 61 of the 
inner and outer tubular members 51 and 53 respectively and which are in 
fluid communication with the inner lumen 52 of the inner tubular member 
51- Additionally, one or more perfusion ports 62 are provided distal to the 
balloon 56 through the wall 60 of the inner tubular member 51 and are in 
fluid communication with the inner lumen 52 extending therein. With this 
construction, when the balloon 56 is inflated, , S . during an" angioplasty 
procedure, within a patient's vasculature, oxygenated blood is forced to pass 
through the proximal perfusion ports 59, through the inner lumen 52 and 
20 then out the distal perfusion ports 62 to provide oxygenated blood distal to 
the catheter and thereby avoid the generation of ischemic conditions in 
tissue downstream thereof or the aggravation of existing ischemic 
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conditions. The transverse dimensions of the inner tubular member 51 
within the secured section are preferably larger than in the embodiments 
previously discussed to allow for an increased flow of blood therethrough. 

The use of the embodiment shown in Figs. 11-15 is essentially 
the same as the embodiment shown in Figs. 1-5. The only essential 
difference is that the balloon 56 can be inflated for significantly longer 
periods, eg. typically about 20-30 minutes but possibly up to 5 hours or 
more, than the first described embodiment because oxygenated blood is 
flowing to the tissue distal to the inflated balloon. 

The dilatation catheter shown in Figs. 11-15 may be modified 
by providing a guidewire port at the proximal end of the section 58, 
proximal to the portion of the small diameter distal section 57 in which the 
proximal perfusion ports 59 are located, as shown in Figs 6-10. However, 
the guidewire port should preferably be spaced sufficiently far proximally 
from the portion of the bonded distal section 57 having the perfusion ports 
59 so that the guidewire can be pulled proximally and remain within the 
inner lumen 52 while the balloon 56 is inflated during the dilatation but 
not interfere with the flow of blood through the perfusion ports 59 and 62 
and the inner lumen 52. After the angioplasty procedure is completed, the 
guidewire can then be advanced distally through the inner lumen 52 and 
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out the distal end thereof in order to maintain access to the lesion in case 
further treatment or diagnosis is necessary or desirable. 

The use of the catheter with both perfusion ports and a 
proximal guidewire port as described above is essentially the same as the 
use of the dilatation, catheter illustrated in Figs. 6-10, but with the 
additional advantage that long term dilatations are possible. 

With those embodiments of the invention which have a slit 49 
la the secured section, such as shown in Figs 6-10, to facilitate the removal 
of the catheter from a- guidewire, there is a tendency for the slit to open up 
when the pressure within the inflation lumen is raised to high levels to 
inflate the balloon 36 for purposes of dilatation. In these instances, the 
guidewire can extend through the expanded or opened slit 49 and be caught 
in the slit when it closes upon the deflation of the balloon so as to preclude 
independent movement of the guidewire and catheter. To avoid this problem 
it is preferred to provide a support tube 70 within the inner lumen as shown 
in Figs 16 and 17. The inner support tube 70 prevents the expansion of the 
unsecured distal section 35 of the outer tubular member 31 which forms the 
inflation lumen 40 which causes the slit 49 to expand upon the introduction 
of high pressure inflation. fluid. A filler 71 may be provided to eliminate any 
voids between the support tube 70 and the unsecured portion.of the distal 


•20- 


WO 93/20882 PCT/US93/03580 


10 


15 


20 


tubular section 35. Preferably, the support tube 70 is formed of polyimide 
but tubes formed of other polymers and metals such as superelastic NiTi 
alloys may be used. The rest of the catheter shown in Figs. 16 and 17 is 
essentially the same as shown in Pigs. 6-10 and the corresponding parts are 
numbered the same. 

The above-described catheters may be made by conventional 
techniques well known to those skilled in the art. Many suitable 
techniques are described in the references incorporated herein. The distal 
section may be formed by heat shrinking the portion of the outer tubular 
member which forms the distal section onto the underlying inner member. 
A mandrel (not shown) is disposed in the space between the inner and outer 
tubular members so that, upon the heat shrinking of the outer tubular 
member, an inflation lumen is formed through the distal section which is 
in fluid communication with the lumen in the proximal portion of the 
catheter shaft and the interior of the balloon. The heat shrinking secure, 
the distal section of the outer tubular member to the inner tubular member. 
Other means of bonding such as heat bonding or adhesives may be used. A - 
mandrel may also be inserted into the inner lumen of the inner tubular 
member to support the latter during the heat shrinking of the outer tubular 
member thereon. Alternate methods may be employed to make the distal 
section. For example, the distal section of the outer tubular member may be 
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preformed and then be adhesively bonded to the exterior of the inner 
tubular member 36. 


As shown in Fig. 18, other lumens 80, similar to the inflation 
lumen may be formed in the catheter shaft, by employing multiple 
mandrels when heat shrinking the outer tubular member onto the exterior 
of the inner tubular member. In this embodiment it is preferred to have the 
secured section extend along the entire length of the catheter so that the 
adapter on the proximal end would be connected to the all of the individual 
Lumens. In this manner the extra lumens may be employed to deliver drugs 
or other therapeutic fluids or be used as an additional inflation lumen. 


The various components of the catheters and guidewires of the 
iuvention can be formed from a wide variety of conventional materials. The 
inner and outer plastic tubular members may be made from polyethylene, 
polyimide, polyvinyl chloride and other suitable plastic materials. The 
hypotubingmay be formed of stainless steel, NiTi superelastic alloys or 
other suitable materials. Composite materials such as described in co- 
pending application Serial No. 07/241.047, filed September 6, 1988 (which 
is incorporated herein by reference thereto) may also be used. The balloon 
may be made from polyethylene, polyethylene terephthalate. olefinic 
ionomers such as Surlyn* sold by E.L DuPont, deNemours \ Co. and other 
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polymers and other materials. 

The dimensions of the catheters generally follow the 
dimensions of conventional intravascular catheters. For coronary use the 
length is typically about 135 cm and the maximum outer diameter of the 
outer tubular member is about 0.02 to about 0.06 inch (0.5M.52 mm, In a 
presently preferred embodiment, the distal secured section of the outer 
tubular member is long enough ,, g . preferably about 10 to about 40 cm) to 
ensure that it is the only portion of the catheter body proximal to the 
balloon which exits the guiding catheter and enters the patient's coronary 
anatomy during intravascuiar procedures. In other embodiments, the 
secured section may extend along essentially the entire length of the 
catheter shaft. The transverse dimensions of the catheter may be larger 
with catheters for use in peripheral arteries and other locations. 

While the invention has been described herein primarily in 
terms of catheters for coronary angioplasty, the invention may be employed 
m a wide variety „, catheters for Insertion into various body lumens 
Additionally, modifications and improvements can be made to the invention 
without departing from the scope thereof. 
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WHAT rs CLAIMED IS: 

1- An elongated catheter for performing intraluminal therapeutic 
or diagnostic procedures comprising: 

a) an inner tubular member having a first inner lumen and a 
distal end with a port in communication with the first inner lumen, 
both the inner lumen and the port being adapted to receive a 


6 guidewire; and 

7 

8 


b) an outer tubular member disposed about the inner tubular 
member having a distal portion which has about 5% to about 90% of 
the inner periphery thereof secured to the exterior of the inner , 
tubular member along a length thereof, with an unsecured portion of 
the outer tubular member defining with the inner tubular member a 
second inner lumen extending longitudinally between the inner and 
outer tubular members. 


2. The elongated catheter of claim 1 wherein at least about 30% 

2 to about 80% of the inner periphery of the distal portion of the outer 

3 tubular member is secured to the 


exterior of the inner tubular member. 


3. The elongated catheter of claim 1 wherein a guidewire 
receiving port extends through the secured section of the outer tubular 
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member and the inner tubular member and is in communication with the 
inner lumen of the inner tubular member. 


or 


or 


4. The elongated catheter of claim 1 including therapeutic 
diagnostic means at a location distal to the secured section. 

1 5. The elongated catheter of claim 4 wherein the therapeutic 

2 diagnostic means is an expandable dilatation member provided on the distal 

3 end of the catheter. 

6- The elongated catheter of claim 5 wherein the expandable 
member is an inflatable balloon with an interior in fluid communication 
with the second inner lumen between the inner and outer tubular members. 


7. The elongated catheter of claim 6 wherein the inflatable 
balloon has a distal end secured to the distal end of the inner tubular 
member and a proximal end secured to the distal end of a tubular element 
forming a part of the outer tubular member. 


8- The elongated catheter of claim 1 wherein at least 
perfusion port extends through the secured portions of the outer tubular 


one 
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4 member and the inner tubular member and which is in fluid communication 

5 with the inner lumen of the inner tubular member. 


1 9 
2 


3 


1 


1 
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3 
4 
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The elongated catheter of claim 8 wherein at least one 


perfusion port is provided in the inner tubular member distal to the ballo 
which is in fluid communication with the inner lumen thereof. 


10. The elongated catheter of claim 1 wherein a portion of the 

2 catheter body proximal to the secured portion is stiffer than the distal 

3 section. 


H. The elongated catheter of claim 10 wherein a portion of the 
outer tubular member proximal to the secured portion thereof is formed of 
3 hypotubing to increase the stiffness thereof. 

12 ' A diIatati ^ catheter for performing angioplasty procedures 
2 within a patient's arterial system comprising: 

a> an elongated catheter shaft having an inner tubular 
member with a first inner lumen extending therein and a distal end 
with a guidewire port in fluid communication with the first inner 
lumen, both of which are adapted to receive a guidewire therein, and 
an outer tubular member which is disposed about the inner tubular 
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member and which has a section in a distal part of the catheter shaft 
with at least 5% but not more than about 90% of the periphery 
thereof secured to the exterior of an underlying portion of the inner 
member along a length thereof and with an unsecured portion of the 
distal section of the outer tubular member defining a second inner 
lumen between the inner and out tubular members; 

b) an instable dilatation member distal to the secured 
section of the ouW tubular member having an interior in fluid 
communication with the second inner lumen and having a distal end 
secured to the distal end of the inner tubular member which extends 
through the interior of the balloon; and 

c) means to direct inflation fluid from a source through the 
second inner lumen to the interior of the balloon. 


1 13 
2 


The dilatation catheter of claim 12 wherein at least about 30% 


to about 80% of the inner periphery of the distal section of the outer tubular 
member is secured to the exterior of the inner tubular member. 


1 14. 
2 

3 

4 


The dilatation catheter of claim 12 wherein a guidewire 
receiving port extends through the secured portions of the inner tubular 
member and the outer tubular member and is in communication with the 
inner lumen of the inner tubular member. 
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15. The dilatation catheter of claim 12 wherein at least one 
2 perfusion port extends through the secured portions of the inner tubular 
member and the outer tubular member and is in communication with the 
inner lumen of the inner tubular member. 


3 
4 


1 16. The dilatation catheter of claim 15 wherein at least one 

2 perfusion port is provided in the inner tubular member distal to the balloon 
which is in communication with the inner lumen thereof. 


3 


1 
2 
3 

4 thereof. 


3 
4 
5 
6 
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17. The dilatation catheter of claim 12 wherein a portion of the 
outer tubular member proximal to the portion thereof which is secured to 
the inner tubular member is formed of hypotubing to increase the stiffness 


1 18. A balloon dilatation catheter for performing angioplasty 

2 procedures within a patient's arterial system, comprising: 

a) an elongated catheter body having an inner tubular 
member with a relatively short inner lumen extending therethrough 
and a distal end with a port in communication with the relatively 
short inner lumen, both of which are adapted to receive a guidewire 
therein, and an outer tubular member which is disposed about the 
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inner member and with a length of the outer tubular member in the 
distal p art 0 f the catheter body having at least about 5% but not 
more than about 90% of the periphery thereof secured to the exterior 
of an underlying portion of the inner tubular member and taking the 
shape of the inner tubular member to which it is secured and 
« defining with an unsecured portion of the outer tubular member an 

inflation lumen along the secured length; 

b) an inflatable member distal to the secured portion 
having a distal end secured to the distal end of the inner tubular 
member which extends through the interior of the inflatable member; 

O a guidewire port which extends through the secured 
portions of the inner and outer tubular members and which is in 

communication with the inner lumen of the inner tubular member; 
and 

d) means to direct inflation fluid from a source through the 
inflation lumen defined between the unsecured portion of the outer 
tubular member and the inner tubular member 


10 
11 
12 


14 
15 
16 
17 
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23 

24 

25 


into the interior of 
26 the inflatable member. 


2 


19. The dilatation catheter of claim 18 wherein the catheter shaft 
has a relatively stiff proximal porti(m and & f ^ 
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20. The dilatation catheter of claim 18 wherein at least about 30% 
to about 80% of the inner periphery of the distal section of the outer tubular 
member is secured to the exterior of the inner tubular member. 

21- The dilatation catheter of claim 18 wherein the proximal 
portion of the outer tubular member is hypotubing. 

22. The dilatation catheter of claim 18 wherein a peel-away slit is 
provided in the secured section of the catheter shaft extending distally from 
3 the proximal guidewire port. 

1 23. The dilatation catheter of claim 18 wherein the inflation lumen 

2 defined by the unsecured portion of the outer tubular member has a 

3 supporting tubular element therein to prevent the expansion of the peei- 
* away slit in the secured portions of the inner and outer tubular members 

upon the inflation of the inflatable member. 


2 
3 

1 

2 

1 

2 


5 


1 24. A balloon dilatation catheter for performing angioplasty 

2 procedures within a patient's arterial system, comprising: 
a) an elongated catheter shaft having an inner tubular 


3 
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member with an inner lumen extending therein, and an outer tubular 
member which is disposed about the inner tubular member with a 
portion thereof in the distal part of the catheter shaft having at least 
about 5% but not more than about 90% of the periphery thereof 
secured to the exterior of an underlying portion of the inner tubular 
member and having an unsecured portion defining with the inner 

tubular member an inflation lumen along the secured length; 

b) an inflatable dilatation member on the distal end of the 

outer tubular member which has a distal end secured to the distal 

end of the inner tubular member which extends through the interior 

of the inflatable member; 

0 at least one perfusion port which extends through the 
secured portions of the inner and outer tubular members proximal to 
the inflatable member and which is. in communication with the inner 
lumen of the inner tubular member; and 

d) _ means to direct inflation fluid from a. source through the 
inflation lumen defined between the unsecured portions of the outer 
tubular member and the inner tubular member and into the interior 
of the inflatable member. 

25. The dilatation catheter of claim 24 wherein at least about 30% 
to about 80% of the inner periphery of the distal section of the outer tubular 
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member is secured to the exterior of the inner tubular member! 

26. The dilatation catheter of claim 24 including a guidewire port 
which extends through the secured portions of the inner and outer tubular 
members, proximal to the perfusion ports proximal to the balloon and which 
is in communication with the inner lumen of the inner tubular member. 

27. The dilatation catheter of claim 26 including a peel away slit 
extending distally from the proximal guidewire port and terminating 


3 proximal to the proximal end of the balloon. 


one 


28. The dilatation catheter of claim 24 wherein at least , 
perfusion port is provided through the wail of the inner tubular member 


3 distal to the inflatable member. 


1 29. The elongated catheter of claim 1 wherein the outer tubular 

2 member is provided with a plurality of unsecured portions which define 
with the inner tubular member a plurality of inner lumens. 


30. The dilatation catheter of claim 12 wherein the outer tubular 
member is provided with a plurality of unsecured portions which define 
with the inner tubular member a plurality of inner lumens. 
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31. The dilatation catheter of claim 24 wherein the outer tubular 
member is provided with a plurality of unsecured portions which define 
with the inner tubular member a plurality of inner lumens. 


32. An intravascular catheter comprising an elongated catheter 
2 shaft having a plurality of inner lumens extending therein with at least 


one 


3 outer dimension of the shaft in a first transverse direction being 

substantially greater than another outer dimension of the shaft in a second 
transverse direction at a right angle to the first direction. 


33. The intravascular catheter of claim 32 wherein the outer 


dimension of the shaft in the first transverse direction is at least 15 « 
greater than the outer dimension in the second transverse direction. 

34. The intravascular catheter of claim 32 wherein the outer 
dimension of the shaft in the first transverse direction is at least 25 % 
greater than the outer dimension is the second transverse direction. 


35. The intravascular catheter of claim 32 wherein the shaft has at 

2 least two inner lumen extending therein which are in a stacked 

3 configuration. 
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